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Specification 


1. 


Title of the Invention 


Fluid Transfer Pump 


2. Claims 

(1) A fluid transfer pump that transfers fluid at a specified pressure, the pump characterized 
by a pump housing and motor, wherein a fluid passageway is provided within the rotors that 
make up said motor, and in addition, a stator for said motor is formed through the use of at 
least two separable portions. 

(2) A fluid transfer pump as claimed in Claim 1, wherein at least two separable stator 
portions are connected in a freely swinging fashion through the use of a connecting member. 

(3) A fluid transfer pump as claimed in Claims 1 and 2, which is a centrifugal pump in which 
fluid is circulated within the pump housing through the use of an impeller gear that rotates 
under the driving action of a motor, and centrifugal force is used to transfer said fluid. 

(4) A fluid transfer pump as claimed in Claims 1 and 2, which is an axial-flow pump in 
which fluid is transferred within the pump housing in the direction of the rotating axis of an 
impeller member through the use of said impeller member, which rotates under the driving 
action of a rotating drive source. 

(5) A fluid transfer pump as claimed in any one of Claims 1 through 4, in which said pump is 
used for the transfer of blood. 

Detailed Explanation of the Invention 
<Technical Field> 

This invention pertains to a fluid transfer pump that is suitably utilized at times when 
cannulation is conducted, and more specifically, this invention is composed of a pump housing 
and a motor used to drive said pump housing. In essence, the stator of the aforementioned motor 
is constructed of at least two separable portions, and therefore it is possible to easily remove a 


rotor that is surrounded by its given stator portion by separating the stators from 
another. 
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(2) 

<Background of the Invention> 

Previously, a form of fluid transfer pump that has been widely accepted is one in which 
the pump housing and motor are combined as a unit, such that the fluid transfer operation is 
conducted through the rotation of the impeller, which makes up the pump housing portion and is 
driven by the force of the aforementioned motor. Actually, the aforementioned motor is basically 
constructed of a rotor that is supported on the inside in a freely rotating fashion, along with a 
stator that surrounds the outside of the rotor. In the case of an axial-flow pump, the center shaft 
of the aforementioned rotor is equipped with a fluid passageway. 

However, in recent years, fluid transfer pumps are increasingly being used for medical 
treatments in blood circulation systems that operate outside the body. In these cases, the stator 
and rotor portions of the motor that make up the aforementioned fluid transfer pump are 
combined as a unit. Due to this single-body construction, it has been pointed out in the case of 
blood circulation systems that utilize a fluid transfer pump and are operated outside the body that 
the operation of equipping a patient with this type of pump is complicated. That is to say, in 
cases where the aforementioned blood circulation systems are constructed, a blood transfer tube 
is first attached to the aforementioned fluid transfer pump, and this tube is then inserted into the 
vein of the patient. In this case, all the parts that come into direct contact with the blood have to 
be discarded after each use. It is also widely known that the motors used in the construction of 
the aforementioned axial-flow type fluid transfer pumps are considerably heavy, particularly with 
respect to the stator portion. Accordingly, with the fluid tube connected to another unit as it is, 
this makes it practically impossible to interchange the motor housing that makes up the parts that 


come into contact with the blood given the fact that the aforementioned stator and rotor 
portions are constructed as a single unit. Furthermore, this situation is less than 
favorable for the patient even under the best of conditions. 

On one hand, even though a centrifugal type blood pump contains a passageway for the 
blood that passes through the inside of the motor, even in this case the parts that make direct 
contact with the blood must be discarded after each patient has used them. As such, once the 
blood tube has been sent through the stator portion that makes up the motor in the case where the 
rotor and stator are combined into a single unit, it is then necessary to insert a cannula into the 
vein of the patient. As a result, the relatively heavy stator portion that is suspended from the 
blood circuit makes for a similarly unfavorable situation for the patient. 
Objective of the Invention> 

The objective of this invention is to provide a fluid transfer pump, wherein: the 
aforementioned inconveniences can be avoided; the device comprises a pump housing and a 
motor; said fluid transfer pump is designed such that a passageway for liquid runs through the 
inside of the aforementioned motor; the stator portion that is arranged along the outside of said 
motor is formed in pieces so that it can be separated, and accordingly, this type of construction 
allows for free assembly and disassembly of the pump housing as well as the rotor portion of the 
motor with respect to the aforementioned stator portion; there is no undue burden placed on the 
patient as a result of assembling the aforementioned liquid circuit or equipping the patient with 
said device; and the rotors, etc., which comprise the parts that come into direct contact with 
blood can be easily interchanged. 
<Means for Achieving the Objective> 


In order to achieve the objective stated above, this invention provides a fluid 
transfer pump that transfers fluid at a specified pressure, the pump characterized by a pump 
housing and motor, wherein a fluid passageway is provided within the rotors that make up said 
motor, and in addition, a stator for said motor is formed through the use of at least two separable 
portions. 

<Embodiment Forms> 

In this section, suitable embodiment forms will be provided for the fluid transfer pump 
related to this invention, and the following detailed explanation will be based on the attached 
drawings used as reference materials. 

In Figure 1, 

reference symbol 10 indicates a blood circulation system that operates outside the body and 
which includes a fluid transfer pump related to this invention. Said blood circulation system 10 is 
basically composed of tubes 14 and 16, which are connected to the veins of the patient 12, along 
with a liquid transfer pump 18, to which the aforementioned tubes 14 and 16 are also connected, 
and a servo amp 20. In this case, the aforementioned servo amp 20 is connected to the 
aforementioned liquid transfer pump 18 via a cable 22, and also connected to this servo amp 20 
are one end of two cables 24 and 26. The other ends of these two cables 24 and 26 are 
respectively connected to a pressure measurement device and a hydrometer (neither of which are 
shown in the drawing) that are adjacent to the tube 16. The blood pressure and flow rate that are 
measured through this arrangement are converted into signals and sent to the aforementioned 
servo amp 20. 
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(3) 

Next, as shown in Figures 2 through 4, the aforementioned liquid transfer pump 1 8 is 
composed of a motor 28 and a pump housing 30. This motor 28 includes a stator unit 32, which 
is located to the outside, and a rotor unit 34, which is located inside the stator unit 32 and is also 
secured to the pump housing 30. The aforementioned stator unit 32 includes stator cases 36a and 
36b that take on the form of a barrel, and these stator cases 36a and 36b are linked to one another 
in a freely opening and closing fashion through the use of hinges 38a and 38b that are installed 
onto the outer wall surface (see Figure 3). In this case, the aforementioned stator cases 36a and 
36b swing in directions approaching each other, and when the other ends make contact with one 
another said stator cases 36a and 36b take on the form of a barrel. In addition, the fasteners 40a 
and 40b that are attached to these end portions are used to prevent these stator cases 36a and 36b 
from becoming separated. 

As shown in Figure 4, semicircular dugout portions 42a and 42b are formed along each of 
the inner wall surfaces of the aforementioned stator cases 36a and 36b, and linked armatures 44a 
and 44b are anchored to these dugout portions 42a and 42b as part of the stator portion. In 
addition, a substrate 46 is attached to the aforementioned stator case 36b, and attached to this 
substrate 46 is an electromagnetic sensor 48 that is used to detect the rotation speed of the rotor 
(discussed below). An electrical connection is made between the substrate 46 and the servo amp 
20 via the cable 22 noted above. 

Next, a rotor unit 34 is installed within the aforementioned stator unit 32, which is to say 
that this rotor unit 34 is enclosed by the housing 50. Note that a shell 51 is secured to one end of 
this housing 50 as a unit, and this shell 5 1 is equipped with a liquid introduction port 5 1 a. A 


threaded portion is formed along one part of this shell 51, and a nut 53 is screwed onto 
this threaded portion. A rotor 52 is supported within the aforementioned housing 50 in a 
freely rotating fashion through the use of a bearing 49, etc. In this case, multiple motor 
magnetos 54 are installed onto the aforementioned rotor 52 as rotating members that correspond 
to the armatures 44a and 44b, which are respectively attached to the aforementioned stator cases 
36a and 36b. In addition, a magneto 56 is installed onto the member that corresponds to the 
electromagnetic sensor 48, which is installed onto the stator case 36b. 

In addition, the aforementioned rotor 52 is equipped with a passageway 58 that passes 
through in the axial direction of said rotor. One end of this passageway 58 communicates with a 
fluid introduction port 51a that is formed by the casing 51, which is installed as a unit in the 
aforementioned housing 50. The other end of this passageway 58 communicates with the pump 
housing 30. 

In other words, the aforementioned pump housing 30 includes a housing 60 that is 
secured as a single unit to the aforementioned housing 50 and is linked to the aforementioned 
rotor 52 within this housing 60. In addition, an impeller 62 is installed that rotates along with the 
rotation of said rotor 52 during the rotation operation. In this case, this impeller 62 is constructed 
from a disc-shaped side plate 64, along with several impeller members 65 that are attached to 
said side plate 64 and are curved in a radial pattern with respect to the rotating axis of the 
aforementioned rotor 52. 

In addition, a lid member 66 is attached to the side surface of the aforementioned housing 
60, and a pin member 68 is installed in the center of this lid member 66. This pin member 68 
makes direct contact with the center of the side plate 64 of the aforementioned impeller 62 and 


supports this [the side plate 64] in a freely rotating fashion. Furthermore, a shell 72 that 
is equipped with a fluid derivation port 70, which communicates through the internal portion, 
is attached to the peripheral surface of the aforementioned housing 60. In this case, the tube 16 
noted above is connected to the aforementioned shell 72. 

The fluid transfer pump related to this invention is basically constructed according to the 
description provided above, and the following explanations pertain to its operation as well as the 
results of the invention. 

First of all, one end of the tubes 14 and 16 that make up the blood circulation system 10 
that operates outside the body is respectively connected to the shells 51 and 72 of the fluid 
transfer pump 18. Then, the other ends of these tubes 14 and 16 are connected to other specified 
locations such as the veins of the patient 12. At this time, the stator unit 32 that comprises the 
aforementioned fluid transfer pump 1 8 is removed from the rotor unit 34 and the pump housing 
30. In other words, while the nut 53 that is screwed onto one end of the aforementioned rotor unit 
34 is turned in a specified direction in order to be loosened, the fasteners 40a and 40b that 
connect the stator cases 36a and 36b, which comprise the aforementioned stator unit 32, are 
released. 
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(4) 

As a result, it becomes possible to create an opening for the aforementioned stator cases 36a and 
36b with the hinges 38a and 38b at the center, both of which are attached to one end of the stator 
cases 36a and 36b. Accordingly, once the stator cases 36a and 36b have been swung in the 
direction to separate them from one another, they can be removed from the rotor unit 34 and the 
pump housing 30. As such, with the relatively heavy stator unit 32 separated from the rotor unit 
34 and the pump housing 30, it is possible to equip the patient 12 with the aforementioned tubes 
14 and 16, thus providing for simple handling of the fluid transfer pump 18 and making it 
possible to conduct an easy and reliable installation of these tubes 14 and 16. 

Then, once the installation has been conducted for the tubes 14 and 16 as explained 
above, the stator unit 32 for the fluid transfer pump 18 is installed onto the rotor unit 34 as well 
as the pump housing 30. In other words, with the stator cases 36a and 36b, which comprise the 
aforementioned stator unit 32, swung in the open direction, either of the stator cases 36a or 36b, 
for example stator case 36a, can be connected to the housing 50 of the rotor unit 34, and then the 
other stator case 36b can be swung in a direction approaching the aforementioned stator case 36a. 
As a result, the rotor unit 34 becomes enclosed by the aforementioned stator cases 36a and 36b. 
Next, while the nut 53 that is screwed onto the aforementioned rotor unit 34 is turned in the 
tightening direction, the fasteners 40a and 40b lock the aforementioned stator cases 36a and 36b 
into place. 

Given the above operation, the patient 12 can be equipped with said blood circulation 
system 10 that operates outside the body, and then once an output signal is derived for the 
control of the revolution speed of the motor 28 by means of the servo amp 20, the resulting 


electrical signal will travel through the cable 22 to drive the fluid transfer pump 18. In 
other words, this electrical signal that is sent from the aforementioned servo amp 20 via the 
cable 22 is delivered to the armatures 44a and 44b that are installed within the stator cases 36a 
and 36b. Thus, the rotor 52 that is installed within the housing 50 of the rotor unit 34 in a freely 
rotating fashion begins to rotate under the operation of the aforementioned armatures 44a and 
44b as well as the motor magneto 54. Along with this, the impeller 62 that is installed within the 
pump housing 30 rotates in its specified direction. In this case, the blood of the patient 12 is 
delivered to the aforementioned pump housing via the tube 14, the shell 51 and the passageway 
58 that is formed within the rotor 52. Accordingly, this blood is sent out to the tube 16 via the 
fluid derivation port 70 by means of the centrifugal force that is generated within the housing 60 
under the rotating operation of the aforementioned impeller 62, finally resulting in delivery of the 
blood from the tube 16 to the patient 12. At this point, measurements are taken of the pressure of 
the blood as it is delivered through said tube 16 as well as the blood flow using a pressure 
measurement device and a hydrometer (neither of which are shown in the drawing), after which 
these measurements are sent via cables 24 and 26 to the servo amp where they are also displayed. 

Next, an explanation will be provided of another embodiment form of this fluid transfer 
pump. Note that in this embodiment, the same reference symbols are used to indicate the same 
structural components that were covered in Embodiment No. 1, and thus detailed explanations of 
these components have been omitted. 

To be precise, as shown in Figure 5, the fluid transfer pump 80 that relates to this 
embodiment form is equipped with a passageway 82 that not only travels in the axial direction 
through the center of a rotor 52 that comprises the motor 28, but also has an intermediate 


member with an expanded diameter. Also, a pump housing 84 is installed within this 
passageway 82, and said pump housing 84 includes a multiple number of impeller 
members 86 that are arranged within the expanded portion of said passageway 82, such that these 
impeller members 86 are directed toward the central portion of this passageway 82. Note that the 
end portion is attached to a shaft 88 and that the impeller members 86 are attached to the rotor 52 
at a slight angle with respect to the axial direction of the passageway 82. 

Given this type of construction, once the rotor 52 is rotated in the specified direction 
under the driving action of the aforementioned motor 28, the blood of the patient 12 that is fed 
from the shell portion 19 is delivered to the patient 12 by means of the aforementioned impeller 
86. Moreover, in the same fashion as the stator cases 36a and 36b, which are discussed in 
Embodiment No. 1 and comprise the stator unit 32, the fluid transfer pump 80 that relates to this 
embodiment is manufactured as a separable unit, and for this purpose, when said fluid transfer 
pump 80 is included as part of the blood circulation system 10 that operates outside the body, the 
process of equipping the patient with the tubes 14 and 16 for this blood circulation system 10 can 
be easily conducted. 
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<Effect of the Invention> 

As noted above, this invention calls for a liquid transfer pump in which the pump housing 
and rotational drive source are constructed as a unit and in which a passageway for the fluid is 
formed within this rotational drive source. In addition, the stator portion of this rotational drive 
source is to be constructed in order to allow it to be separated into at least two parts, such that 
said stator portion can be easily removed from the pump housing as well as the rotor portion of 
the rotational drive source. As a result, when the liquid circuit is assembled to include the pump 
used for transferring said liquid, it becomes possible to conduct the operation with the stator 
portion removed from the aforementioned rotational drive source. Accordingly, this makes it 
possible to conduct the assembly operation itself given a liquid transfer pump with a reasonably 
lightweight construction, thus finally achieving a situation in which this type of operation can be 
conducted both easily and accurately. Moreover, in cases where damage occurs to the rotation 
speed detection circuit or the armatures that are assembled in correspondence with the 
aforementioned stator portion, there is no need to remove the entire liquid transfer pump itself 
from the liquid circuit, and by removing only the stator portion, it becomes possible to repair the 
armatures as well as the rotation detector circuit, etc. As a result, an effect is achieved by which 
maintenance conducted on the flow transfer pump can be simplified. 

While appropriate embodiment forms have been presented above for the purpose of 
explaining this invention, the invention is not limited to these embodiment forms, and thus it is 
naturally possible to make various improvements or design modifications within limits, as long 
as they do not deviate from the essential points of this invention. 


4. Brief Explanation of the Drawings 

Figure 1 is a schematic drawing that explains a blood circulation system that 
operates outside the body and which includes a fluid transfer pump related to this invention. 

Figure 2 is an oblique schematic drawing of a partially disassembled fluid transfer pump 
related to this invention. 

Figure 3 is a partial side view of the fluid transfer pump shown in Figure 2. 

Figure 4 is a partial cross section that explains the fluid transfer pump shown in Figures 2 

and 3. 

Figure 5 is a partial cross section that illustrates another embodiment form of the fluid 
transfer pump related to this invention. 

10: Blood circulation system that operates outside the body 

1 8 : Fluid transfer pump 

20: Servo amp 

28: Motor 

30: Pump housing 

32: Stator unit 

34: Rotor unit 

36a, 36b: Stator cases 

44a, 44b: Armatures 

52: Rotor 

54: Motor magneto 

62: Impeller 


Patent Applicant: Terumo Corporation 

Agent to Applicant: Masahiro[?] Chiba, Patent Attorney [seal] 
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